Abstract
envisioned wave energy converters consisting of 400 meter-long tubes 6,7 .
26
A DE consists of a thin elastomer film sandwiched between two compliant electrodes,
27
forming a capacitor capable of converting electrical energy to or from mechanical energy,
28
i.e. a transducer 2 . When an external voltage is applied to the electrodes, the gener-29 ated electrostatic pressure causes the electrodes to attract one another, thus decreasing 30 thickness of the elastomer but increasing area, due to it being a nearly incompressible 31 material. In this way, electrical energy is converted into mechanical energy. When the ex-
32
ternal voltage is removed, the elastomer regains its original shape 1, 8 . Figure 1 illustrates 33 the working principle of a DE actuator.
34
Common materials used for the elastomers include acrylic, polyurethane, natural 35 rubber, and silicone, with silicone elastomers being those most often used, due to their 36 high efficiency, reliability, and fast response times 8 . Two common types of electrodes for
37
DEs are carbon grease and thin metal films such as gold or silver 9 .
38
Since DEs are highly flexible, they may be configured in many different ways, Thermal breakdown occurs when thermal energy generated within the stack can no longer 66 be balanced by heat loss from the stack into the surroundings, and thus the temperature 67 within the stack will increase towards infinity 14 . Thermal energy is mainly generated due
68
to Joule heating of the material, i.e. heating due to electrical resistance in the material.
69
The amount of thermal energy generated per unit volume, q, in a stacked DE with N 70 layers, each of thickness d and cross-section A, is given by Joule's law: where V is the applied voltage, R the material resistance, E the applied electric field,
72
and σ the electrical conductivity of the elastomer. Thermal breakdown is especially 73 relevant when considering stacked DEs, since multiple layers result in a larger volume
74
and therefore more Joule heating, without an equal increase in surface area. Thus, heat 75 loss into local surroundings decreases when N increases.
76

Model Setup
77
As stated earlier, thermal breakdown is especially important when considering a multi- electrodes is much higher than that of the elastomer. Therefore, it is assumed that the 84 electrodes will not be a limiting factor in heat transport within the stack, and so the 85 effect of the electrodes is therefore neglected in this work.
86
The steady-state energy balance for the system at hand is as follows:
T is the temperature. Typically the electrical conductivity of an elastomer varies with temperature in ac-
102
cordance to an Arrhenius-type relation:
where σ 0,Arr is the pre-exponential factor, and 
where β FK has units of inverse temperature.
110
From the experimental data obtained, the following Arrhenius expression and Frank-
111
Kamenetskii expression has been attained:
The two fitted expressions for the electrical conductivity is plotted along side the 
119
In order to obtain an analytical solution to the model put forth, it is assumed that the 121 cylindrical surface of the DE is thermally insulated, and that the temperature within the 122 stack only varies in height, i.e. z-direction (see Figure 2) . Furthermore, the mathemat-
123
ically simpler Frank-Kamenetskii expression for the electrical conductivity obtained in
124
Eq. (6) is utilised. The energy balance put forth in Eq. (2) therefore simplifies to:
By assuming that the temperature on the top and the bottom of the stack is constant 126 and equal to the temperature of the surroundings, T z
plane in the middle of stack is employed, and an analytical solution to Eq. (7), can be 128
found. The analytical solution may be formulated as a relation between the maximum 129 temperature, T z 0¦ T max , and a non-dimensional parameter λ as follows:
where θ max β FK T max T 0 ¦ is a dimensionless maximum temperature, and:
The parameter λ in Eq. (9) is in itself a function of several parameters, so in order to increase, the slope of the lines (
, respectively) approach infinity and 137 ends abruptly at some given parameter value, denoted as the points of breakdown. These 138 points, are the highest values of the sweeping parameters at which it is possible to obtain 139 steady-state solutions, since above these points the maximum temperature will be infinity. ∂T ∂r
where both the Arrhenius expression and the Frank-Kamenetskii expression for the elec-154 trical conductivity has been used. for the electrical conductivity given in Eq. (6) is used.
161
The simulated results using σ FK and T z % The heat transfer functions used are as follows 35 :
where T t and T b are temperatures at the top and bottom plates, respectively. Simulated effectively used is that all excess thermal energy is removed from the surfaces, i.e. perfect 175 heat transfer. However, with natural convection as the boundary condition, the heat 176 transfer is no longer perfect, and so the temperature at the top and bottom will be higher 177 than the surroundings, thereby leading to a higher T max and thus lower breakdown point. as T 0 is not too high.
194
As mentioned earlier, thermal breakdown is more prone to occur when DEs are stacked, so 
215
Electric Field
216
A second important parameter is the applied electric field and its effect on N BD , as shown 217 in Figure 5 (b). It is evident that N BD decreases as E increases. This is explained by
218
Eq. (1), which states that the amount of generated energy increases with electric field 219 squared. Thus, when more energy is generated, T max increases, and fewer layers can 220 therefore be stacked before thermal breakdown occurs.
221
Temperature of Surroundings
222
The third examined parameter is the temperature of the surroundings, with the results
223
as shown in Figure 5 (c). It is notable that N BD decreases when T 0 increases. The 224 driving force for natural convection is the difference in temperature between surroundings 225 and stack surface, as seen in Eq. (11) and (12). Thus, when the temperature of the 226 surroundings is increased, the driving force is decreased. Consequently, the temperature 227 within the stack is increased and thermal breakdown occurs. It should be noted that 228 once again, the crossover of results with σ FK and σ Arr is seen, as explained earlier.
229
Discussion
230
The lowest value of N BD obtained in the results shown in Figure 5 is N BD 904 at T 0 231 318 K, E 100 V©µm, and with thermal insulation on the cylindrical surface. 
